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INTRODUCTION 

Considerable in t e re s t  has developed i n  recent years i n  the 

t a n t a l m c a r b o n  system. This in te res t  stems primarily from the melt- 

ing temperatures reported f o r  the  compound TaC. This carbide melts 

as high as  3800* t o  3900° C ( refs .  1 t o  3) and is, therefore, one of 

the  highest melting materials known. 

El l inger  (ref.  4) published the r e su l t s  of his work on the Ta-C 

system i n  1943. 

gonal structure,  and TaC, a N a C l  structure. After carburizing a T a  

rod, El l inger  observed a microstructure showing a very defini te  car- 

H i s  phase dfagram showed two carbides, Ta$, a hexa- 

bon graaient with concentric bands, each containing two phases, i n  

which the secona (&nor) phase always existed as apparently s t ra ight  

p la te le t s .  Rhines, i n  the discussfon t o  E1Lfnger's paper, correct ly  

pointed out that these two-phase regions i n  binary diffusfon couples 

were sfnply t he  result of precipi la t lon occurring on cooling as a 

result of so lubi l i ty  1 i d L s  decreasing w i t h  temperature. 

Since Ellinger's paper, de ta i l s  of the p'hase diagram have been 

refined, but the basic  qual i ta t ive equilibrium relationshfps are  un- 

changed. An accepted diagram compiled from the r e su l t s  of many in-  

vest igat ions i s  shown i n  f igure 1. ( re f ,  5). More recently, studies 
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i n  t.he TS-c system (refs. 6 t o  9)  have observed microstructures sh i -  

lar t o  those of Ellinger, but, i n  m y  cases, the poss ib i l i ty  of these 

s t ructures  being the r e su l t  of precipi ta t ion seems t o  have been 

ignored. 

variously described a s  " tdns ,  *' "s t r ia ted  structure,  ':' and "structure 

of unknown origin.sg 

The character is t ic  s t ra ight  p l a t e l e t  s t ructures  'have been 

It is the  purpose of t h i s  paper t o  show these s t ructures  t o  be 

the r e su l t  of precfpi ta t io3 processes and t o  account for t h e i r  char- 

a c t e r i s t i c  appearmce by a precipi ta t ion model based on the geometries 

of the c rys t a l  s t ructures  involves, 

The Ta-C compositions for t%is  study were made by carburizfng 

0,010-in. high-purfty Ta w i r e s  i n  a purff ied hydrocarbon gas (toluene 

or propane), The Ta wfre  was heated by Its own e l e c t r i c a l  resfstance, 

and the  overal l  carbon content of the resu l t ing  s t m c t w e  w a s  con- 

t r o l l e d  by hydrocarbon gas pressure. 

method i s  given i n  reference 9, 

by heatfng for 6 hr at 1800' C followed by rapid cooling unless other- 

wfse specified. 

t i o n  only if  t h e i r  carbon content placed tnem w e l l  Into a single- 

phase f i e ld .  Filaments whose overall  cwbm contents were neap the 

so lub l l i t y  limits of single phases OY within a %wo-phase f i e l d  were 

A detai%ed account of t h i s  

The s t r u c t w e s  studled were produced 

Carburized filaments were honogeneoas Sn cross sec- 

heterogeneous with strongly developed annular structures,  i. e., cone 

cent r fc  rings. The carbon content reported f o r  any one filament ex- 

h ib i t i ng  an annular structure is an overal l  composition, and it snoul;l 
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be rememberec t h a t  the case k311 be of higher carbon content while 

the core w i l l  be lower than the average carbon concentration, The 

average carbon concentrations were determined by a combustion method 

and r e fe r  t o  t o t a l  carbon. 

r e l i ab le  free-carbon analysis. It is believed, however, that the 

amount of f r ee  carbon i s  negligible, since no evidence of f r ee  car- 

bon was found i n  the metallographic examinations or  the X-ray pat- 

terns. 

The small quantity of sample precluded 

Phase ident i f ica t ion  was accomplished by standard X - r a y  dif- 

f rac t ion  techniques. Diffraction patterns were obtained from as- 

reacted filament surf ace s, powdered filament s, and remaining due- 

t i l e  (unpowderable) cores when these were present. 

phase ident i f ica t ion  by d i f f rac t ion  was correlated t o  microstructure. 

I n  th i s  manner, 

Metallographic sections of the  filaments were prepared by stan- 

After invest igat ing several  dard mounting and polishing techniques, 

etches, one consisting of 3/1 HlVO3/HF was  found t o  give the most 

consistent resu l t s ,  This etch was used f o r  all samples of this 

study. 

Microhardness measurements were made with a 135O diamond pyramid 

and a 50 g load. 

readings over the  wide range of hardnesses from TaC t o  so f t  Ta. 

This load w a s  determined as the bes t  t o  give good 

MODEL 
_I_ 

Before examining the ac tua l  s t ructures  obtained, l e t  us consider 

a model of precipi ta t ion based upon the crystallographic s t ructures  

Involved. Consider the precipi ta t ion of f3 from y as the solu- 
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b i l i t y  l inf t  for Ta i s  exceeded during cooling. The matrix y i s  a 

NaCl structure with a l a t t i c e  parameter a t  the s o l t b i l i t y  l i m i t  of 

4.4104A(ref. 10). 

i s  shown i n  f igure 2 (not taking into account vacant carbon s i t e s ) .  

Any {Ill) plane of t h i s  s t ructure  may be considered t o  consist  e n t i r e l y  

of C or Ta atoms i n  a hexagonal arrangement w i t h  a spacing of 3.12 A 

between nearest neighbors. 

The arrangement of a uni t  c e l l  of t h i s  s t ructure  

The j3 phase, which must precipi ta te  f r o m  ?-, has a hexagonal 

s t r u c t m  aad must bo mwhumted i n  C. 

j3 are  a. = 3.104 A and co = 4.942 A, and a unit c e l l  i s  shown i n  

f igure 3. 

arrangement of Ta  (or  C )  a t o m s  w i t h  a nearest-neighbor spacing of 

3.104 A. 

The l a t t i c e  parameters for t h i s  

The basal  plane of t h i s  structure consis ts  of a hexagonal 

Comparing the {ill> plane of r and the basa l  plane of p shows 

that both have iden t i ca l  geometries with a l i nea r  mis-match of only 

about 0.55~ thus a very fayorable s i tua t ion  e x i s t s  f o r  

c i p i t a t e  on {=I planes of y on cooling. The same geometrical 

s i t ua t ion  e x i s t s  if y precipi ta tes  from j3. The same compositions 

and therefore  l a t t i c e  parameters mst be considered, and it i s  there- 

fore seen t h a t  r precipi ta t ion on the basal  plane of p i s  a l so  

highly probable. 

J3 t o  pre- 

Precipi ta t ion reactions with such l a t t i c e  re la t ionships  have 

been observed i n  metal systems. 

c i p i t a t e s  f r o m  Ag saturated face-centered cubic Al so l id  solution so 

that t h e  {00013 plane of AgAl2 i s  pa ra l l e l  to the (ll1) plane of the 

For example, hexagonal AgAl2 pre- 
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A l  solxtion (ref .  11). 

gonal matrix i s  found i n  the Mg-Sn system (ref .  12) .  

the simple cubic ( C a F 2  s t ruc ture)  Mg2Sn prec ip i ta tes  w i t h  i t s  {ILL] 

plane pa ra l l e l  t o  the {OOOl? plane of the Mg solid-solution matrix. 

Although the habi t  plane and direction i n  the MgZSn prec ip i ta te  can 

be varied by heat treatment, the precipi ta te  is always rejected from 

solution on the basal  plane of the matrix. 

An example of a cubic prec ip i ta te  from a hem- 

In  t h i s  case 

I n  the case of TaC-Ta2C precipitation, it is  not assumed here 

t h a t  there  i s  necessarily a coherency between matrix and prec ip i ta te  

but only that the plane of the matrix on which precipi ta t ion occurs 

i s  the close-packed plane (i.e., { I l l ?  f o r  khe cubic TaC matrix and 

COO013 f o r  the hexagonal Ta2C matrix). The high degree of matching 

between these planes does suggest, however, that coherent precipita- 

t i o n  i s  a very d i s t inc t  possibi l i ty .  

If the close-packed plaaes are the precipi ta t ion planes a s  as- 

sumed here, then the precipi ta t ion of e i t h e r  carbide from the other 

should r e s u l t  i n  a Widmanst'6tten structure - there should be charac- 

t e r i s t i c  differences, however, depending on which carbide i s  the 

matrix. In  the precipi ta t ion of P from y, t he  {111} plane of y- 

ac tua l ly  provides four potent ia l  precipi ta t ion planes, since i n  the 

cubic geometry there  a re  four {ill) planes. 

grain of y-, p l a t e l e t s  of p precipi ta te  might be expected i n  up t o  

four directions.  Conversely, when r prec ip i ta tes  from P, the  

s ingular  basa l  plane of the hexagonal symmetry provides but one pre- 

c i p i t a t i o n  plane. Hence, i n  a single grain of p the  p l a t e l e t s  of 

y- prec ip i ta te  should be found i n  only one direction. 

Therefore i n  a single 



- 6 -  

EXPERIMENTAL RBSL,TS 

Numerous microstructures i n  the Ta-C system were exwned .  Repre- 

sentative s t ructures  will be discussed here proceeding from high car- 

bon compositions t o  low carbon. 

88 - 
Figure 4 shows the s t ructure  corresponding t o  a composition of 

TaC0.88 well  within the y single-phase f ie ld .  The s t ructure  shows 

a single-phase material  and is  representative of a l l  compositions be- 

tween and TaC0.98. X-ray analysis of such a s t ructure  gives 

nnly +ha ' k ' 3  ;z?z:-L, -2 XAc L L & ~ e s s  01 tnls par t icu lar  composition 

i s  DEI 2700. 

64 

The structure obtained at  a composition of TaC0.64 i s  shown i n  

f igure 5. The charac te r i s t ic  annular s t ructure  i s  apparent. X-ray 

analysis  of t h i s  material  shows the  presence of both y and $-. 
Such a tworphase structure i s  c h m c t e r i s t i c  of compositions between 

TaC0.52 and TaCo.74s 
t i o n  range gave ident ica l  structures, thus rul ing out the poss ib i l i ty  

of these s t ructures  being the resu l t  of metastable transformations. 

Slar cooling of samples wfthin t h i s  composi- 

Within t h i s  range as lower carbon concentrations are  approached, the 

P 

t u r e  (core) occupies a la rger  portion of the cross section, and a 

s m a l l  cen t ra l  core of single-phase P becomes evident. The hardness 

lSome lines corresponding t o  those reported by Lesser and Brauer 

phase becomes more evident i n  the X - r a y  patterns, the inner strue- 

(ref.  13) as belonging t n  an unknown 5 'phasewere observed fo r  some come 

posi t ions between Taco, 

t h i s  phase i s  not known at  the present time. 

and rPaCo. 6. The or igin and significance of 
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of the two zones shown i n  figure 5 are  3P3 1625 and DPE is20 f o r  the case 

and core, respectively. This hardness f o r  the core represents an increase 

over t h a t  of single-phase 

seems t o  be essent ia l ly  the  same as carbon def ic ient  

( ref .  9 ) ) .  

p (DPH = lOOO), while the  value f o r  the case 

r (DPH = 1600 

The appearance of t h i s  s-bructure and the r e su l t s  of X-ray d i f f rac t ion  

(r  and p present) give s u p p ~ r t  t o  the proposed precipi ta t ion model. 

During the carburizing treatment, a carbon def ic ient  r of the case was 

i n  equilibrium with the carbon saturated j3 core. Upon cooling solu- 

-h-112.L-- 1 2  w ~ ~ e  exceeaea w i t h  p precipi ta t ing from r i n  the case 

and y precipi ta t ing from p i n  the core according t o  the proposed lat-  

t i c e  relationship. The multidirectional p l a t e l e t s  of f3 are evident i n  

the  case, while the core exhibitsunidirectional 7 p la t e l e t s  within any 

one B grain. The increasing s ize  of the core with decreasing carbon and 

the  eventual s tab i l iza t ion  of a small single-phase 

with the  equilibrium diagram shown in figure 1 and with the proposed ex- 

p core a re  i n  accord 

planation of the microstructures. 

precipi ta t ion model i s  the fact that i n  a11 carburized samples exhibiting 

both unidirectional and multidirectional s t ructures  the region containing 

the  multidirectional p l a t e l e t s  i s  always located nearer the sample sur- 

face than t h e  unidirectional structure. This i s  i n  accord with the carbon 

gradient t ha t  exists a t  the carburizing temperature; i .e. ,  the  y phase 

from which 

nearer t'ne surface than the p from which r precipitates;  thus the y 

matrix with multidirectional p precipi ta te  always i s  found nearer the  

sample surface than the lower carbon j3 m t r i x  containing unidirectional 

Another observation i n  support of the 

p precipi ta tes  being of higher carbon content i s  located 

y precipi ta te .  
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The constant so lubi l i ty  of carbon i n  /3 as  a flmcticn of temper- 

a ture  as indicated i n  figure 1 must be i n  error,  since the  observed 

precipi ta t ion of y from p i s  indicative of decreasing carbon solu- 

b i l i t y  i n  p with decreasing temperature. Similar s t ructures  have 

been found i n  work with the Nb-C system3 however, no such s t ructures  

were observed i n  the Hf-C system (ref. 7) .  This again supports the 

precipf ta t ion explanation proposed here, since these observatfons are 

obviously due t o  the s imi la r i ty  between the Ta-C and Nb-C equilfbrium 

relat ionships  (both exhibit ing a dimetal carbide), while fn  the Hf-C 

system an equilibrium dimetal carbide does not ex is t .  

The hardness values f o r  the structures shown i n  f igure 5 suggest 

t h a t  the presence of a hard y precipi ta te  i n  a r e l a t ive ly  sof t  p 

matrix ( the core) fncreases the hardness over that of the 

(DPH = lOOO), whfle conversely, the presence of 

the very hard y m t r f x  shows l i t t l e  e f f ec t  on the hardness as com- 

pared t o  t h a t  on the hardness of single-phase capbon def ic ient  

(DPH = 1600, ref. 9).  

/3 matrix 

p precipi ta te  i n  

y 

31 

A typ ica l  s t ructure  resul t ing at low carbon concentrations f s  

shown i n  f igure 6. 

equilibrium phases t o  be a and p2. X-ray analysis of the  surface 

A t  the conipositfon of TaCO.31, f igure 1 shows the 

of the  as-reacted sajnple gave only the p pattern, while analysfs of 

the core alone ( a f t e r  removing the b r i t t l e  case) gave both p and a, 
r C  

‘Samples consfsting of only single-phase p are d i f f i c u l t  t o  

make by the carburfzation method owing t o  the l imited composition 

range of the phase a t  low temperatures. 
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"%e hardness of the case i s  DPH 860 poss1hI.y representkg  a s l igh t  

decrease of h a r h e s s  f o r  carbon deficient j3 as compared t o  DPH 1000 

for carbon saturated j3. 

which gives hardness values of 810 and 947 for carbon def ic ient  and 

carbon saturated j3, respectively. The core has a hardness of DPH 

120, t h i s  along with X-ray r e su l t s  and appearance suggests a random 

precipi ta t ion of p i n  u. Structures simflar t o  that  of f igure 6 

were obtafned a t  a l l  compositions below about TaC0.43 wfth the 

matl-ix core occupying a la rger  portion of the cross section as the 

carbon concentration i s  decreased. A t  composftfons above Taco. 43, 

near p, the en t i re  cross section appeared as the case i n  f igure 6. 

While X-ray analysis showed only j3 f o r  such structures,  the dark 

apparently laqellar regions appear t o  be a second phase and m a n t e a  

fur ther  investigation. 

This i s  i n  agreement with reference 14, 

a 

This lamellar s t ructure  i s  of partfcular in te res t ,  since El l lnger  

( r e f ,  4) observed sfmilar buct somewhat b e t t e r  developed s t ructures  i n  

h f s  low carbon sample asla Rhines i n  the discussion of El l inger 's  

paper suggested these might be the resu l t  of a low-temperature eu-tec- 

t o i a  decompositfon of p t o  a plus y. Wfth th i s  fn  mfnd, a sam- 

ple  was prepared a t  a composition of TaC0.36 and slowly cooled from 

the reactfon temperature (a  period of 17 n r  t o  cool t o  +OOo C )  i n  

order to al low fiall tie-crelopment of a eutecloiu s t ructure  i f  it 

exis ts .  The resul t ing structure i s  shown f n  f igure 7. A lamellar 

s t ructure  i n  the case (which w a s  $ at the reaction temperature) 

was  fndeed developed; hawever, X-ray patterns from the surface of 

1. 
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th i s  sample showed the presence of a plus ,R az& not a plus y. 

This then indicates that eutectoid decomposition of P does not 

occur; however, a lamellar structure was  developed by t h i s  treatment 

and must be explained. Since the two phases present as indicated by 

X-ray are P and a, it would appear that t h f s  structure represents 

a precipi ta te  of u i n  a P matrfx. The difference between t h i s  

well-developed lamellar structure and t h a t  of f igure 6 must be due t o  

a slow cooling r a t e  which leads t o  a more complete precipi ta t ion and 

the elimination of a nonequilibrium supersaturated solid solution that 

r e su l t s  by quenchfng. 

The hardness of the two-phase a plus j3 case i s  770, while 

t h a t  of the core i s  120. 

the  rapidly cooled s t ructure  of ffgure 6 showing a s l igh t  decrease i n  

the hardness of the case due t o  the  presence of the so f t  

These compare wel l  wfth the hardnesses of 

a precipitate.  

The unidirectfonal nature of the a precipi ta te  i n  j3 f s  in%@* 

Comgaring the  two close-packed planes of the  two phases shows esting, 

the  (110) plane of carbon saturated cc t o  be a d is tor ted  hexagonal. 

arrangement w i t h  nearnest-neighbor spacings of 2.365~nd3.305l A and in- 

cluded angles within the  nit trfangle t o  be 54.7, 54.7, and 70.6' (cal- 

culated from a. of Ta  = 3.305 A (ref.  13)) .  'Thfs compares t o  the 

t r u e  hexagonal armngement i n  the {OOOl) plane of Ta saturated 

which the nearest-neighbor spacing i s  3,XIi A and of course the  in- 

cluded angles a re  all 60'. 

match of about 2.7$ f o r  placing one unit t r iangle  upon the other; t h i s  

misf it increases, however, as the  precipi ta te  grows. 

j3 i n  

This comparison yfelds an average mfs- 
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The f a c t  t h a t  a seems t o  precipi ta te  from ,R i n  a Widiiiis-tEttten 

structure but ye t  the  J3 precipitation from a appears t o  be the  

random (see the core of f ig .  6 )  may be due t o  the  increasing m i s f i t  

with size of precipitate.  

the metall ic bonding of the 

t o  accommodate the increasing misfit and thus grow as a continuous 

p la te le t .  On the  other  hand, the hy'brid metallic-covalent bonding 

of the J3 phase does not allow such distortion; thus as the p pre- 

c ip i t a t e  grows, it may loose coherency w i t h  the a matrix and r e su l t  

i n  random precipitation, 

I n  the case w h e r e  lamellar s t ructure  form, 

a phase may allow it to readi ly  d i s to r t  

COmCLuSIOmS 

A s  a re su l t  of t h i s  investigation, the following conclusions may 

be drawn? 

1. The charac te r i s t ic  s t r i a t ed  (Widmanstgtten) s t ructures  found 

i n  the Ta-C system a t  compositions between Ta2C and TaC are  the  r e su l t  

of precipi ta t ion reactions i n  which the close-packed plane of each 

phase i s  the plane of precfpftatfon. 

2. The maximum so lubi l i ty  of C i n  Ta2C must decrease with cle- 

creasing temperature ra ther  than remain constant as the  presently ac- 

cepted phase diagram indicates. 

3. There i s  no evidence for a eutectoid decomposftion of Ta$. 

4. Tantalum can precfpi ta te  fmm TaZZ gi?sing a unidirectional 

Widmanstgtten structure3 however, Ta2C precipi ta t ion from tantalum i s  

random apparently because of the inab i l i t y  of Ta2C t o  d i s to r t  and 

maintain coherency with the tantalum matrix. 
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Figure 2 .  - y (TaC) Unit Cell. 
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Figure 3. - P (Ta2C) Unit  Cell. 



Figure 4. - Microstructure of TaC.88; etchant, 3m03~; 
~ 3 0 0 .  DPH = 2700. 



Figure  5 .  - Microstructure  of TaC.64; e t chan t ,  3"03/HF; 
X300. DPH case  = 1620, DPH co re  = 1520. 



Figure 6. - Microstructure of TaC.31; etchant, 3ElIVO5/HF; 
X300. DPH case = 860, DPH core = 120. 
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Figure 7 .  - Microstructure of TaC,36; 
slow coo l  - etchant, 3HI!TO,/HF; x300. 
DPH case = 770, DPH core = 120. 

NASA-CLEVELAND. OHIO E-2201 


